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I.  SUMMARY  OF  RESEARCH  ACCOMPLISHMENTS 


The  synthesis  and  chemistry  of  novel  pol yn i t ropol yc yc 1 i c  "cage" 


systems  has  been  pursued  in  systematic  fashion.  The  following  new 
pol yn i t ropol ycyc 1 i c  compounds  have  been  synthesized  in  the  course  of 
these  studies:  (i)  6 , 6, 8-trinitropentacyc lo¬ 
ts.  3.0.0^’^. 0^‘^.04’®ldpcane  (1,  a  trinitro-l.T-bishomo- 
cubane),  (ii)  6 , 6 , 10 , 10- tetr an i tr opent acyc lo- 
[ 5 . 3 . 0 . 0^ ’ ^ ^ . 04 ’ ^ ]dec ane  (2,  a  tet r an i tr o- 1 , 3-b i shomo- 
cubane),  (iii)  a  series  of  n  i  tro- subst i tuted  2 , 3 , 4 , 8-tetr aphenyl - 
pen  t  acyc  1  o[ 5  .  3 . 0 . 0  ’  .0  ’  .0  ’  jdecanes  containing  two,  three,  and 
four  NO,,  groups,  respectively,  ( i  v )  8,8,11,11-tetranitro- 
pentacyclo[5.4.0.0^’^.0^’^.05,^]undecane  (3,  a  tetranitro- 
pent acyc 1 oundec ane )  ,  and  (v)  4,4 , 7 , 7 , 11 , 11-hexani tropentacyc 1 o- 
[ 6 . 3 . 0 . 0^ *  6 . 0^ ’ . 05 ’ undec ane  (4,  D-^-hexanitrotri  shomo- 
cubane)  .  The  structures  of  compounds  1,  2,  and  3  each  have  been 


obtained  via  single  crystal  X-ray  structural  analysis.  The  thermal 
behavior  and  detonation  properties  of  D^-hexanitrotrishomocubane  (4) 
have  been  studied. 


1 1  .  RESEARCH  OBJECTIVES 


4/ 

A  sionificant  portion  of  our  overall  research  proqram  has 
been  concerned  with  the  synthesis  and  chemistry  of  novel,  strained 
polycyclic  "cage"  hydrocarbon  systems.  The  objective  of  our 
AFOSR - s pon sored  research  program  is  to  extend  our  earlier 
interests  in  the  pen  t  ac  yc  1  o[  5 . 4 . 0 . 0^,’^  .  0^  ’  .  0^,’^]undecane  (PCUD) 

and  pent  a  cvc  1  o[  5 . 4 . 0 .  ,  0^,’  ® .  oV^Jdecane  (1,3-bishomocubane) 

ring  systems  to  include  the  syntheses  of  new  polynitro  derivatives 

of  these  molecules.  We  seek  new  ways  to  incorporate  increasing 

■] 

numbers  of  N 0^  groups  into  novel  cage  molecules  with  the  ultimate 

goal  of  synthesizing  a  fully  pernitrated  cage  molecule,  Cn(N0p)m. 

Our  approach  to  these  syntheses  involves  introducing 

increasing  numbers  of  NOp  groups  into  a  given  cage  system  by 

employing  a  logical  progression  of  increasingly  functionalized 

synthetic  i nterme i d ates .  Thus,  we  are  able  to  gauge  the  cumulative 

7 

effects  of  increasing  substitution  (particularly  N  0  ?  substitution) 

upon  product  stability  and  upon  the  relative  ease  of 

prod uc t- form i ng  reactions  in  a  gradual  and  orderly  fashion. 

Importantly,  such  approaches  represent  entirely  new  synthetic 

n 

methodology  for  incorporating  large  numbers  of  NO,,  substituents 

i  nto  novel  ,  st rai  ned  systems  .  f  '  ' C  C  <' ^  C  <  v  A  1  ' c 

r{r  c  .  ,  )t  1-1  ■  i 


f  fcji, 


M. 


3 

III-  SUMMARY  OF  PROGRESS,  FY84-88 

As  part  of  our  research  efforts  to  synthesize  new 
po 1 yn i tropol ycyc 1 i c  compounds,  we  have  identified  four  target 
molecules/molecular  systems  whose  structures  are  shown  in  Fiqure 

1.  Typical  synthetic  methodology  that  has  been  utilized  in  our 
laboratory  in  pursuit  of  these  target  molecules  is  shown  in  Figure 

2.  Here,  the  substituted  polycyclic  framework  is  first  constructed 
via  a  combination  of  thermal  and  photochemical  cycloadditions.  The 
substituent  groups  (generally  cage  ketone  carbonyl  groups  or 
pendant  carboxylic  ester,  acid  or  phenyl  functionalities)  are 
converted  subseauentl.y  into  nitro  groups. 

By  utilizing  the  general  approach  shown  in  Figure  2,  we  have 
completed  the  syntheses  of  a  tri nitro-  and  of  a 
tetranitro-l,3-bishomocubane  in  thirteen  and  in  ten 

1  2 

stereocontrol  1 ed  steps,  respectively  (see  Figure  3).  ’  In 
addition,  we  have  synthesized  D^-tr i shomocubanetr ione  (Figure  4), 
and  we  have  successfully  converted  this  material  into  the 
corresponding  D^-hexanitrotri s homocub  an e  (our  third  target 

3 

molecule.  Figure  5).  Also,  we  recently  completed  the  syntheses  of 
a  tetr aphenyl tetr an i t ro- 1 , 3-b i shomocubane  (Figure  6)^  and  of 
8,8,ll,ll-tetranitropentacyclo[5.4.0.0^’®.0^’^,0S’9]undecane  (a 
member  of  our  second  target  molecular  system.  Figure  7).^ 

The  thermal  behavior  and  detonation  properties  of 
D^-hexan i trotr i shomoc ubane  have  been  studied.^  The  DSC  thermogram 
of  this  compound  reveals  the  following  characteri st ics :  When  a 
3.34  mg  sample  was  heated  at  10  °C-min"^,  exotherm  onset  occurred 


w 


V 


at  27  2  C,  reached  a  maximum  at  308  C,  and  subsided  at  331  C.  A 
second  smaller  exotherm  was  initiated  at  331  °C,  reached  a  maximum 
at  338  °C,  and  subsided  at  355  °C.  A  study  of  the  shock 
sensitivity  of  this  compound  as  measured  by  the  exploding  foil 
slapper  technique  revealed  that  it  is  less  shock-sensitive  than 
TNT.  Explosive  output  calculations  reveal  that 
D^-hexanitrotri shomocubane  is  a  substantially  more  powerful 
explosive  than  is  TN  T. ® 

Progress  has  accrued  toward  achieving  the  synthesis  of  our 
final  target  molecular  system.  We  recently  reported  our  synthesis 
of  the  corresponding  he ot acyc 1 ot et r adec aned i one ,  (Figure  8).^ 
Conversion  of  each  ketone  functionality  into  qeminal  dinitro 
groups  should  be  straightforward.  In  addition,  we  have  made 
progress  toward  the  synthesis  of  more  highly  substituted 
heptacyclo[6.6.0.02,6.03, 13.04,11 . 05 ’ 9 . 010 ’ 14]tetr a- 
decanes,  as  detailed  below. 

The  thermal  reaction  of  Fe(CO)^  with 

2.3- dicarbomethoxynorbornadiene  was  studied  in  the  hope  that  the 
coresponding  cage  dimer  could  be  synthesized.  However,  we  were 
disapointed  to  find  that  this  reaction  afforded  only  the 
corresponding  exo,trans,exo  dimer  ketone:  no  cage  dimer  was 
produced  in  this  reaction  (Figure  9).  In  view  of  this  result,  an 
attempt  was  made  to  modify  the  substitution  pattern  on  the 
norbor n ad i ene  substrate  in  the  hope  that  this  might  promote  the 
desired  cyclodimerization  reaction.  Thus, 

2. 3- b i s ( acet ox ymet hyl ) norbor n ad i ene  was  prepared  (Figure  10). 


Hpre,  the  electron  withdrawing  CO^Me  q  roups  in 
2,3-dicarbomethoxynorbornadiene  have  been  replaced  by  electron 
donating  CH^OAc  groups.  However,  the  only  product  obtained  via 
thermal  reaction  of  the  b i s ( acetox ymethyl ) norbornad i ene  was  a 
novel  bisfdiene-FefCO)^]  complex  (Figure  11),  the  structure  of 
which  was  confirmed  via  single  crystal  X-ray  structural  analysis. 
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There  is  considerable  current  interest  in  the  synthesis 
«Dd  chemistry  of  energetic  polycyclic  “cage"  compounds- w  j 
The  title  compounds  are  Dove!  strained  energetic  materials  , 
that  have  been  prepared  as  part  of  an  ongoing  program  ■ 
involved  arith  the  synthesis  of  new  po!ynitro-l,3-bis-  j 
homocu banes  Two  such  systems,  a  trinitro-  and  a  tetra  j 
nitro-  13-bishomocubene  (1  *  and  T,  respectively)  have  been  ; 
prepared  in  our  laboratory,  and  then  respective  structures  j 
have  been  determined  via  tingle-crystal  X-ray  crystalkg-  < 
raphy.*'  , 

Three  compounds,  a  dinitro-  (3),  a  trinitro-  (4),  and  a  * 
tetranitro-2I314,8-tetraphenylpentacyclol5.3.0.0a*,0*J,J0‘- 
^Jdecane  (5),  have  been  prepared  in  the  present  study.  •  '  4  j 
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*(•1  NH,OH-HCl  NaOAc,  EtOH  (67%);  (b)  KBS,  NaHOO*  di- 
Audi,  room  temperature.  46  b  (49% );  (e)  KoBH*  6C%  aqiaoui 
KtOH.  room  Umperature,  4 1  Kis  (26% ). 


fa)  HOCHfCHjOH,  T*OH,  banaaat.  D— r  Burt  tube  (92% ); 
ft)  WHfOH-HO,  NaOAc,  EtOH,  mob  temperature,  reamitbt 
W»);  (c)  biy  KaHCXV  DMP,  0  *C,  and  fete  O*  CHfCL,  0  *C 
H)  NaBH»  ®t>%  mwai  EtOH,  roam  temperature,  Oi  b 
•7%b  (a)  K,Fa(CNV  NaNO*  aquaoua  M*OH,  NaOH,  mao  tarn- 
ptetetet,  Oi  b  (73%);  (f)  cotvantrated  HjS04.  CHjCL.  room  tern- 
pteteore,  •oarnirbt  (73%);  (*)  NH,OH  HCl  NaOAc,  EtOH,  room 
temfitntuia,  vreraifht  (39%);  ft)  NBS,  NaHCO^  3%  aquaoua 
mom  meporature,  72  b  165.7%);  (i)  96%  mi  HNO„ 
K^NO*  CHjQ*,  reflux  1  i,  fete  80%  H^O*  reflux  I  k  (31%. 
*4%  hared  oc  recorewd  11). 
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April  26,  1985,  (Invited). 

17.  A.  P.  Marchand,  R.  Kaya,  S  W.  Muchmore  and  D.  van  der  Helm,  "Formation 
of  Sulfonium  Tet r af 1 uorobor at e s  from  Reactions  of  Gamma,  Del  t a-Unsaturated 
Ketones  with  Thiols  in  the  Presence  of  Boron  Trifluoride  Etherate",  189th 
National  Meeting  of  the  American  Chemical  Society,  Miami  Beach,  FL,  April 
28-May  3,  1985,  (Contributed). 

18.  A.  P.  Marchand,  "Synthesis  of  New  High  Enerqy/Hiqh  Density  Polvcvclic 
Hydrocarbons",  Naval  Air  Systems  Command  Program  Review,  Wright  Patterson 
Air  Force  Base,  Dayton,  Ohio,  May  13,  1985,  (Invited). 

19.  A.  P.  Marchand,  "Synthesis  of  New  Pol yni troool  yhedranes" ,  Office  of 
Naval  Research  Program  Review,  Arlington,  Virginia,  May  29,  1985, 

( Inv  i  ted)  . 

20.  a.  p.  Marchand,  S.  C.  Suri,  P.-W.  Jin,  and  D.  S.  Reddy,  "Synthesis  of 
New  Pol  yn i t ropol ycyc 1 i c  Systems",  Fourth  Annual  Workino  Group  Meeting  on 
Synthesis  of  Hiyh  Energy  Density  Materials,  U.  S.  Army  Armament  Research 
and  Development  Center,  Dover,  New  Jersey,  June  5,  1985,  (Invited). 
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21.  A.  P.  Marchand.  C.  Huang.  R.  Kaya,  A.  D.  Baker,  and  E.  P.  Jemmis, 
"Synthesis  of  A 1  k  en  e  -  Sub  s  t  i  t  u  t  ed  Pent  ac  vc  1  oT  5 . 4 . 0 . 0^  ’  ^  .  0'^  ’  ^ .  0^  ’  ^  - 
undecanes.  Synthesis  and  Photoelectron  Spectra  of  Substituted  Pentacyclo- 
[ 5 .4 . 0 . 0^ ’ ^ . 0^ ’ ^ . 0^ ’ ^ ] undec anes" ,  Gordon  Research  Conference  on 
Physical  Organic  Chemistry,  Wolfeboro,  NH,  June  13,  1985,  (Invited), 

22.  A.  P.  Marchand  and  S.  C.  Suri,  " Stereocontrol  1 ed  Synthesis  of 
Silphinene",  15th  Annual  Northeast  Regional  Meeting  of  the  American 
Chemical  Society,  State  University  of  New  York,  New  Paltz,  NY,  June  25, 
1985,  Paper  No.  123,  (Contributed). 

23.  A.  P.  Marchand,  C.  Huang,  and  R.  Kaya,  "Synthesis  of  Methvlene- 
pentacyc  1  oundecanes  via  Alpha-Sil.vlcarbanion  Intermediates.  Synthesis  and 
Photoelectron  Spectra  of  Substituted  Pentacyclo- 

[ 5 . 4 . 0 . 0^ ’ 6 . 0^ ’ . 0^ ’ undec anes " ,  15th  Annual  Northeast  Regional 

Meeting  of  the  American  Chemical  Society,  State  University  of  New  York,  New 

Paltz,  NY,  June  26,  1985,  Paper  No.  133,  (Contributed). 

24.  A.  P.  Marchand,  "Synthesis  of  New  Pol yni tropol ycycl ic  Systems",  Joint 
Technical  Coordinating  Group  for  Munitions  Development,  Working  Party  for 
Explosives,  U.  S.  Army  Armament  Research  and  Development  Center,  Dover,  NJ, 
July  30,  1985,  (Invited). 

25.  W.  T.  Brady,  A.  P.  Marchand,  J.  Ko ,  S.  B.  Williams,  A.-H.  Wu,  and  D.  S. 
Reddy,  " Cyc 1 o add i t i on  of  Diehl orketene  to  C  =  0  and  C=C  Bonds  in  Substituted 
Pent acyc 1 o[ 5 . 4 . 0 . 02 ’ 6 . 0^ ’ ^ . 0^ ’ ^jundec anes " ,  190th  National  Meeting 

of  the  American  Chemical  Society,  Chicago,  IL,  September  8-13,  1984,  Paper 
No .  52 ,  ( Contr i buted  )  . 

26.  A.  P.  Marchand,  "Synthesis  of  New  Polynitropolycycl ic  Compounds", 
Meeting  of  the  Steering  Committee,  Improved  Performance  on  Target  ( I P 0 T ) 
Proaram,  UnitPd  States  Army;  meeting  held  at  Department  of  Chemistry, 
University  of  Chicago,  Chicago,  IL,  September  19,  1985,  (Invited). 

27.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  Texas  Tech  University,  Lubbock,  TX,  October  2, 
1985,  (Invited). 

28.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 


Department  of  Medicinal  Chemietrv  and  Pharmacognosy,  The  University  of 
Houston,  Houston,  TX,  January  ?2,  3986,  (Invited). 

29.  A.  P.  Marchand,  "Svnthesis  of  Suitable  Precursors  to  Novel 

Po 1 yn i t r opo 1 yc yc 1 i c  fomoounds",  Program  Review  and  Meeting  of  thp  Steerina 
Committee,  U.  S.  Army's  Improved  Performance  on  Target  (IPOT)  Program, 
Department  of  Chemistrv,  The  University  of  New  Orleans,  New  Orleans,  LA, 
January  23,  1986,  (Invited). 

30.  A.  P.  Marchand,  "Applications  of  Mass  Spectrometry  to  Problems  in 
Organic  Chemistry",  Department  of  Chemistry,  Texas  Lutheran  College, 
Seguin,  TX,  February  11,  1986,  (Invited). 

31.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  The  University  of  Texas  at  San  Antonio,  San 
Antonio,  TX,  February  12,  1986,  (Invited). 

32.  A.  P.  Marchand,  "Synthesis  of  New  Polynitrooolycycl ic  Compounds"  Los 
Alamos  National  Laboratory,  Los  Alamos,  NM,  March  11,  1986  (Invited). 

33.  A.  P.  Marchand,  " Stereochemi stry  and  Mechanism  of  the  Iron 
Carbonyl  -  Promoted  Coupling  of  7-Substituted  Norborn ad i enes  to  Carbon 
Monoxide",  Los  Alamos  National  Laboratory,  Los  Alamos,  NM,  March  12,  1986 
(Invited). 

34.  A.  P.  Marchand,  A.  D.  Earlywine,  and  M.  J.  Heea,  "Iron 
Carbonyl -Promoted  Coupling  of  7 -Ben zoyl ox ynorbor n ad i ene  to  Carbon 
Monoxide",  191st  National  Meeting  of  the  American  Chemical  Society,  New 
York,  NY,  April  15,  1986,  (Contributed). 

i 

35.  A.  P.  Marchand  and  A.-H.  Wu,  "Synthesis  of  New  Substituted  Pentacyclo- 
[ 5 . 4 . 0 . 0^ ’ 6 . 0^ ’ ^ . 05 ’ °] undec anes  .  A  Novel  Synthesis  of  1,3-Bishomo- 
pentapr i smane" ,  191st  National  Meeting  of  the  American  Chemical  Society, 
New  York,  NY,  April  15,  1986,  (Contributed). 

36.  A.  P.  Marchand,  "Stereochemistry  and  Mechanism  of  the  Iron 
Carbonyl  -  Promoted  Coupling  of  7-Substituted  Norbornadienes  to  Carbon 
Monoxide,  Department  of  Chemistry,  University  of  New  Hampshire,  Durham,  NH 
April  17,  1986,  (Invited). 

37.  A.  P.  Marchand,  "Synthesis  of  New  High  Energy/High  Density  Solid  and 
Liquid  Polycyclic  Hydrocarbon  Fuels  for  Airbreathing  Missiles",  Navy/Air 
Force  High  Energy  Hydrocarbon  Fuels  Contract  Review,  University  of  Akron, 
Akron,  OH,  April  23,  1986,  (Invited). 

38.  A.  P.  Marchand  and  I-hsiung  Wang,  "Synthesis  of  4, 6-Di  ni  tropent ac.vc  1  o- 
[4 . 3 . 0 . 0^ ’ ^ . 0^ ’ ® . 0^ ’ non ane" ,  American  Chemical  Society  Meeting- 
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in-Miniature,  East  Texas  State  University,  Commerce ,  TX,  April  25,  ] 986 , 

( Contributed) . 

39.  A.  P.  Marchand  and  An-hsiang  Wu,  "Syntheses  of  New  Substituted 
Pentacyclo[5.4.0.02,®.03’^.0^,9]undecanes.  A  Novel  Synthesis  of 

1 , 3-8 i shomopentapr  i  smane" ,  American  Chemical  Society  Meet i ng- i n-Mi n i at ure , 
East  Texas  State  University,  Commerce,  TX,  April  25,  1986,  (Contributed). 

40.  W.  B.  Smith,  A.  P.  Marchand,  S.  C.  Suri,  and  Pei-wen  Jin,  "Synthesis 

of  the  Two  Epimeric  6  -  Car  borne  t  hoxy- 1 , 5-d  imet  hy  1 -e_nd_o- tr  i  eye  1  o- 
2  6 

[ 5 . 2 . 1 . 0  ’  ]dec-8-en- 3-ones  .  Unequivocal  Structural  Assignment  of  the 
5 -A1 pha-  and  5  -  Bet  a- I somers  via  2-D  NMR  Spectroscopy",  American 
Chemical  Society  Meeting-in-Miniature,  East  Texas  State  University, 
Commerce,  TX,  April  25,  1986,  (Contributed). 

41.  A.  P.  Marchand,  G.  V.  Madhava  Sharma,  P.  R.  Pednekar,  G.  S.  Annapurna 
and  T.-C.  Chou,  "Synthesis  of  Novel  Polycyclic  Cage  Molecules.  Precursors 
to  Potential  New  High  Energy  Density  Explosives."  Fifth  Annual  Working 
Group  Meeting  on  Synthesis  of  High  Energy  Density  Materials,  U.  S.  Army 
Armament  Research,  Development  and  Engineering  Center,  Picatinny  Arsenal, 
Dover,  NJ,  May  21,  1986,  (Invited). 

42.  A.  P.  Marchand,  "Novel  Functionalizations  of  Pentacyclo- 
[ 5 . 4 . 0 . 02 ’ 6 . 03 ’ ^ . 03 ’ 9] undec ane" ,  21st  Reaction  Mechanisms 
Conference  Department  of  Chemistry,  The  University  of  Texas,  Austin,  TX, 
June  22-26,  1986,  (Poster  Session:  Contributed). 

43.  A.  P.  Marchand,  G.  V.  Madhava  Sharma,  P.  R.  Pednekar,  G.  S.  Annapurna 
and  T.-C.  Chou,  "Synthesis  of  Pen t ac yc 1 o [ 6 . 3 . D . 02 ’ ® . 03’ ^ .  03  ’  9 ] - 
undecane-4, 7, 11-trione  ( D^ - tr i shomocubane tr i one )  and  Pentacyclo- 
[5.4.0.02,6.03,10.05,9]undecane-4,8,ll-trione" ,  192nd  National 

Meeting  of  the  American  Chemical  Society,  Anaheim,  CA,  September  7-12, 
1986,  Paper  No.  0RGN-103. 

44.  A.  P.  Marchand,  "Applications  of  Mass  Spectrometry  to  Organic 
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Structural  Analysis",  Department  of  Physical  Sciences,  Pishon  College, 
Dallas,  TX,  October  20,  1986.  (Invited). 

45.  A.  P.  Marchand,  "Synthesis  of  Npw  Hiqh  Fnerqv/Hiqh  Density  Monomers  and 
Polymers:  Synthesis  of  D^-Hexanitrotrishomocubane".  Crystalline  Energetic 
Materials  Synthesis  Workshop,  Office  of  Naval  Research,  Chestertown,  MD. 
November  3,  1986,  (Invited). 

46.  A.  P.  Marchand  and  P.  P.  Dave,  “Synthesis  of  7-Phenoxynorbornad i ene  and 
its  Thermal  Reaction  with  Iron  Pent ac arbonyl " ,  1986  Southwest  Regional 
Meeting  of  the  American  Chemical  Society,  Houston,  TX,  November  19,  1986, 
Paper  No.  389,  (Contributed). 

47.  A.  P.  Marchand,  6.  V.  Madhava  Sharma,  P.  R.  Pednekar,  6.  S.  Annapurna, 

and  T.-C.  Chou,  "Syntheses  of  Pen t acyc  1  o[6 . 3 . 0 . 02’ ^  .  03 ’  .  O'9 ’  9] - 

undec ane- 4 , 7 , 1 1  - tr i one  (D^- Tr i shomocub anetr ione)  and  Pentacyclo- 
[5.4.0.02,6.03,10.05,9]undecane-4,8,ll-trione",  1986  Southwest 
Regional  Meeting  of  the  American  Chemical  Society,  Houston,  TX,  November 
19,  1986,  Paper  No.  391,  (Contributed). 

48.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  University  of  Houston,  Houston,  TX,  November  21, 
1986  ,  ( Invited )  . 

49.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  University  of  New  Orleans,  New  Orleans,  LA, 
February  6,  1987,  (Invited). 

50.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  University  of  Southern  Mississippi,  Hattiesburg, 
MS,  February  16,  1987,  (Invited). 

51.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  McMaster  University,  Hamilton,  Ontario,  Canada, 
March  24,  1987,  (Invited). 

52.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  York  University,  Downsview,  Ontario,  Canada,  March 
25,  1987,  (Invited). 

53.  A.  P.  Marchand,  "Orbital  Symmetry:  A  Problem-Solving  ApDroach", 
Department  of  Chemistry,  York  University,  Downsview,  Ontario,  Canada,  March 
25,  1987  ,  ( Invited)  . 


55.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  University  of  Toronto,  Toronto,  Ontario,  Canada, 
March  27,  1987,  (Invited). 

56.  A.  P.  Marchand,  P.  R.  Dave,  W.  H.  Watson,  Jr.,  and  I  Ta v an  a i epour , 

" Ster eoc hem i stry  of  the  Reaction  of  7-Suhstituted  Norborn ad ienes  with  Iron 
Carobnyls.  Reaction  of  Fe(C0)5  with  7-Phenoxy-  and  7  -  (j>-cyanophenoxy)  - 
norborn ad i ene" ,  193rd  National  Meeting  of  the  American  Chemical  Society, 
Denver,  CO,  April  8,  1987,  Paper  No.  ORGN-193,  (Contributed). 

57.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products",  The  J. 
Clarence  Karcher  Lecture  Series,  The  University  of  Oklahoma,  Norman,  OK, 
April  16,  1987,  (Invited). 

58.  A.  P.  Marchand,  V.  Vidyasaqa*",  M.  B.  Buckner  and  P.  0.  Holman,  "Lewis 
Acid  Catalysis  of  a  Piels-Alder  Cyc 1 o add i t i on .  An  Undergraduate  Orqanic 
Experiment",  20th  ACS  Meet i ng- i n-Mi n i at ure  ,  Texas  Wesleyan  College,  Ft. 
Worth,  Texas,  April  24,  1987,  ( Contr i buted ) . 

59.  A.  P.  Marchand,  "Interpretation  of  Carbon-13  NMR  Spectra",  Department 
of  Chemistry,  University  of  Dallas,  Dallas,  TX,  April  28,  1987  (Invited). 

60.  A.  P.  Marchand,  "Synthesis  of  New  Po 1 vn i tropol ycyc 1 i c  Systems", 
Department  of  Chemistry,  United  States  Military  Academy,  West  Point,  New 
York,  May  19,  1987,  (Invited). 

61.  A.  P.  Marchand,  "Synthesiss  of  New  Polynitropolycycl ic  Systems”,  6th 
Working  Group  Meeting  on  Synthesis  of  High  Density  Energetic  Materials, 
Concord  Hotel,  Kiamesha  Lake,  NY,  May  21,  1987,  (Invited). 


62.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 

Department  of  Chemistry,  Ching  Hua  University,  Hsinchu,  Taiwan,  Republic  of}* 
China,  May  26,  1987,  (Invited). 


63.  A.  P.  Marchand,  "Stereochemistry  and  Mechanism  of  the  Iron 
Carbonyl  -  Promoted  Coupling  of  Strained  Alkenes  to  Carbon  Monoxide", 

Institute  of  Chemistry,  Academic  Sinica,  Nankang,  Taipei,  Taiwan,  Republic 
of  China,  May  27,  1987,  (Invited). 

64.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry  Tunghai  University,  Taichung,  Taiwan,  Republic  of 
China,  May  29,  1987,  (invited). 

65.  A.  P.  Marchand,  "Synthesis  of  Novel  Cage  Molecules  and  Related 
Unnatural  Products",  Department  of  Applied  Chemistry,  East  China  University 
of  Chemical  Technology,  Shanghai,  The  People's  Republic  of  China,  June  3, 
1987,  (Invited). 

66.  A.  P.  Marchand,  "Approaches  to  the  Synthesis  of  Polyquinane  Natural 
Products",  Department  of  Applied  Chemistry,  East  China  University  of 
Chemical  Technology,  Shanahai,  The  People's  Republic  of  China,  June  4, 

1987,  (Invited). 
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67.  A.  P.  Marchand,  "Stereochemistry  and  Mechanism  of  the  Iron 
Carbonyl -Promoted  Coupling  of  Strained  Alkenes  to  Carbon  Monoxide", 
Department  of  Applied  Chemistry,  East  China  University  of  Chemical 
Technology,  Shanghai,  The  People's  Republic  of  China,  June  5,  1987, 
(Invited). 

68. ’  A.  P.  Marchand,  "Application  of  the  Principles  of  Conservation  of 
Orbital  Symmetry  to  Problems  in  Organic  Chemistry",  Department  of  Applied 
Chemistry,  East  China  University  of  Chemical  Technology,  Shanghai,  The 
People's  Republic  of  China.  June  8,  1987,  (Invited). 

69.  A.  P.  Marchand,  "Stereochemistry  and  Mechanism  of  the  Iron 
Carbonyl -Promoted  Coupling  of  Strained  Alkenes  to  Carbon  Monoxide", 
Department  of  Applied  Chemistry,  Shanghai  Jiao  Tong  University,  Shanghai, 
The  People's  Republic  of  China,  June  9,  1987,  (Invited). 

70.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products",  Shanghai 
Institute  of  Organic  Chemistry,  Academia  Sinica,  Shanghai,  The  People's 
Republic  of  China,  June  10,  1987,  (Invited). 

71.  A.  P.  Marchand,  "Synthesis  of  Novel  Polymers  from  Polycyclic  Cage 
Monomers",  Department  of  Applied  Chemistry,  East  China  University  of 
Chemical  Technology,  Shanghai,  The  People's  Reoublic  of  China,  June  11, 

1987  ,  ( Invited )  . 

72.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural  Products", 
Department  of  Chemistry,  Fudan  University,  Shanghai,  The  People's  Republic 
of  China,  June  11,  1987,  (Invited). 

73.  A.  P.  Marchand,  "(a)  Stereochemistry  and  Mechanism  of  the  Ethyl 

Di azoacetate-Promoted  Beta-El imination  of  Hydrogen  Bromide  from  Simple 
Alkyl  Halides;  (b)  Mechanism  of  Formation  of  Sulfonium  Tetraf 1 uorobor ates 
via  Reactions  of  Gamma,  De I ta-Unsaturated  Ketones  with  Thiols  in  the 
Presence  of  Boron  Trifluoride  Etherate",  Department  of  Applied  Chemistry, 
East  China  University  of  Chemical  Technology,  Shanghai,  The  People's 
Republic  of  China,  June  12,  1987,  (Invited). 


74.  A.  P.  Marchand,  "Synthesis  of  Natural  and  Unnatural 
of  Pharmacy,  West  China  University  of  Medical  Sciences, 
People’s  Republic  of  China,  June  16,  1987,  (Invited). 


Products",  School 
Chengdu,  The 


75.  A.  P.  Marchand,  "Stereochemistry  and  Mechanism  of  the  Iron 

Carbonyl -Promoted  Coupling  of  Strained  Alkenes  to  Carbon  Monoxide",  School 
of  Pharmacy,  West  China  University  of  Medical  Sciences,  Chengdu,  The 
People's  Republic  of  China,  June  16,  1987,  (Invited). 

76.  A.  P.  Marchand,  "(a)  Synthesis  of  Novel  Polymers  from  Polycyclic  Cage 
Monomers;  (b)  Mechanism  of  Formation  of  Sulfonium  Tetrafluoroborates  via 
Reactions  of  Gamma,  Del t a-Unsaturated  Ketones  with  Thiols  in  the  Presence 
of  Boron  Trifluoride  Etherate;  (c)  Reactions  of  Di chi oroketene  with 
Substituted  Pentac.vc  1  oundec  anes" ,  School  of  Pharmacy,  West  China  University 
of  Medical  Sciences,  Chengdu,  The  People's  Republic  of  China,  June  17, 


1987  ,  ( I n  v i ted  )  . 

77.  A.  P.  Marchand,  "Stereochemistry  and  Mechanism  of  the  Iron 
Carbonyl -Promoted  Coupling  of  Strained  Aikenes  to  Carbon  Monoxide", 
Department  of  Chemistry,  K.yungpook  National  University,  Taegu,  South  Korea, 
June  22,  1987,  (Invited;  Plaaue  of  Appreciation  presented  by  Professor 
Hak-ki  Lee,  Head  of  the  Kyungpook  District,  Korean  Chemical  Society). 

78.  A.  P.  Marchand,  G.  S.  Annapurna,  V.  Vidyasagar,  J.  L.  Flippen- 
Anderson,  R.  Gilardi,  C.  George  and  J.  L.  Ammon,  "Synthesis  of  Nitro- 
Substituted  2, 3,4,8  -  Tetraphenylpentac.yclo[5.  3.0.0^’ 

decanes",  194th  National  Meeting  of  the  American  Chemical  Society,  New 
Orleans,  LA,  August  30-September  4,  1987,  Paper  No.  0RGN-008, 

( Contr ibuted-Poster  Session). 

79.  A.  P.  Marchand  and  G.  S.  Annapurna,  "Pentacyclo- 
L 5 . 5 . 0 . 0^ 1 ** . 0^ ’ ^ . 0® ’ ^ ]dodec ane-9, 12-d i one " ,  194th  National  Meeting 
of  the  American  Chemical  Society,  New  Orleans,  LA,  August  30-September  4, 
1987,  Paper  No.  0RGN-009,  ( Contr i buted-Poster  Session). 

80.  A.  P.  Marchand,  P.  R.  Dave  and  B.  E.  Arney,  Jr.,  "Studies  Directed 
Toward  the  Synthesis  of  8,8,11,11-Tetranitropentacyclo- 
[5.4.0.0^,f’.03’^°.05,9]undecane",  194th  National  Meetinq  of  the 
American  Chemical  Society,  New  Orleans,  LA,  August  30-September  4,  1987, 
Paper  No.  0RGN-010,  ( Contr i buted-Poster  Session). 

81.  A.  P.  Marchand,  P.-W.  Jin,  J.  L.  Fliopen-Anderson,  R.  Gilardi  and  C. 
George,  "Novel  Rearrangement  in  the  1 , 3 -Bi s homoc ubyl  Ring  System",  194th 
National  Meeting  of  the  American  Chemical  Society,  New  Orleans,  LA,  Auaust 
30-September  4,  1987,  Paper  No.  0RGN-093,  (Contributed). 
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